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(54) Single rail shift operator assembly 

(57) A transfer case having a two-speed drive as- 
sembly includes a directly coupled shift operator with 
feedback. The shift operator includes an electric, pneu- 
matic or hydraulic motor (130) which directly, rotatably 
drives a shift rail (126). The shift rail includes threads 
(24) and receives a shift fork (120) having complemen- 
tary threads (122). The shift fork engages a dog clutch 



(1 04). Bi-directional rotation of the shift rail correspond- 
ingly bidirectionally translates the shift fork to select di- 
rect drive (high gear), reduced speed drive (low gear) 
or neutral operation of the two-speed drive assembly. A 
shift rail position sensor (144) provides data to associ- 
ated logic and command circuitry regarding the actual 
position of the shift fork. 
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Description 

BACKGROUND OF THE INVENTION 

The invention relates generally to shift operators for 5 
speed change gearing and more specifically to a shift 
operator having a single shift rail and feedback assem- 
bly for use in motor vehicle drive line components such 
as transmissions, transfer cases, differentials and the 
like. 10 

In many motor vehicle drive line components such 
as transfer cases, a two-speed assembly typically in- 
cluding a planetary gear speed reduction unit, provides 
a high and low speed range which provides optimum 
vehicle operation on conventional roads and off-road sit- is 
uations, respectively. When engaged, the speed reduc- 
tion assembly reduces the speed of the output of the 
vehicle transmission by a factor of approximately three 
to four. Thus, while the automatic transmission operates 
in its normal speed range and with normal shift points, 20 
the transfer case output shaft speed and vehicle speed 
is correspondingly reduced. When the transfer case 
speed reduction assembly is disengaged or by-passed, 
the input and output speeds of the transfer case are the 
same. Such speed reduction assemblies also common- 25 
ly provide a neutral position which disconnects the 
transmission output from the motor vehicle drive line. 

The mechanism which achieves the range selection 
of the speed reduction assembly has many different 
configurations. 30 

In United States Patent No. 4,770,280 a rotating 
cam axially translates a cam follower and associated 
shift rail which correspondingly translates a clutch collar 
through at least one compression spring. The spring 
temporarily stores energy if an attempted shift results in 35 
gear clashing until synchronism is achieved and then 
completes the shift. 

In United States Patent No. 5,407,024, a dog clutch 
is engaged by a shift fork which includes a cam follower. 
The shift fork and cam follower are moved bi-direction- 40 
ally by a circular cam which is rotated by an electric mo- 
tor through an energy storing spring. Again, if attempted 
engagement of two gears causes interference and 
clashing, the energy storing spring allows the drive mo- 
tor to complete its motion and the energy stored in the 45 
spring completes the shift when gear tooth interference 
ceases. 

As to providing feedback signals to a controller re- 
garding the actual position of a shift fork in such a two- 
speed operator assembly, numerous designs provide no so 
feedback whatsoever. Others such as United States 
Patent No. 5,159,847 provide feedback regarding the 
operational state of a transfer case but such feedback 
is derived from the location of a part distinct from and 
often remote from the actual shift fork. In United States ss 
Patent No. 5,052,245, a position sensor is operably dis- 
posed adjacent a shift rail and thus provides its position, 
not the position of the shift fork. 



It is apparent from a review of the foregoing prior 
art patents as well as prior art shift rail operators and 
sensors that improvements in these assemblies are 
both possible and desirable. 

SUMMARY OF THE INVENTION 

A transfer case having a two-speed drive assembly 
includes a directly coupled shift operator with feedback. 
In the preferred embodiment, the shift operator includes 
an electric, pneumatic or hydraulic motor which directly, 
rotatably drives a shift rail. A portion of the shift rail is 
threaded and receives a shift fork which includes a com- 
plementarily threaded through aperture. The shift fork 
engages a dog clutch. Bi-directional rotation of the shift 
rail correspondingly, bi-directionally translates the shift 
fork to select direct drive (high gear), reduced speed 
drive (low gear) or neutral operation of the two-speed 
drive assembly. The shift fork includes a cam and prox- 
imately disposed position sensor provides data to asso- 
ciated logic and command circuitry regarding the actual 
position of the shift fork. Two alternate embodiments of 
the shift rail operator assembly are also presented. 

Thus it is an object of the present invention to pro- 
vide a shift operator assembly having a motor, a single 
rotating shift rail, a shift fork and a feedback assembly 
for use in motor vehicle drive line components. 

It is a still further object of the present invention to 
provide a shift operator assembly having a single rotat- 
ing shift rail which is directly driven by a motor. 

It is a still further object of the present invention to 
provide a shift operator assembly having a rotating shift 
rail, a shift fork and a proximately disposed sensor which 
provides a signal regarding the actual position of the 
shift fork. 

It is a still further object of the present invention to 
provide a shift operator assembly having a single rotat- 
ing, threaded shift rail, a motor and a shift fork having a 
complementarily configured threaded opening in the 
shift fork. 

It is a still further object of the present invention to 
provide a shift operator assembly having a single rotat- 
ing, threaded shift rail, a motor and a shift fork which is 
freely rotatably disposed and axially restrained upon the 
shift rail. 

It is a still further object of the present invention to 
provide a shift operator assembly having a single rotat- 
ing, threaded shift rail, a motor, a shift fork which is freely 
rotatably disposed and axially restrained upon the shift 
rail, and a proximately disposed sensor which provides 
a signal regarding the actual position of the shift fork. 

It is a still further object of the present invention to 
provide a shift operator assembly having a drive motor, 
a linear ball screw assembly, a shift rail and a shift fork 
secured to the shift rail. 

It is a still further object of the present invention to 
provide a shift operator assembly having a drive motor, 
a linear ball screw assembly, a shift rail, a shift fork se- 
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cured to the shift rail, and a proximately disposed sensor 
which provides a signal regarding the actual position of 
the shift fork. 

Further objects and advantages of the present in- 
vention will become apparent by reference to the follow- 
ing description of the preferred embodiment and ap- 
pended drawings wherein like reference numbers refer 
to the same component, element or feature. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a diagrammatic view of a motor vehicle 
power train having a transfer case which incorpo- 
rates the present invention; 
Figure 2 is a full, sectional view of a transfer case 
incorporating the shift rail operator assembly of the 
present invention; 

Figure 3 is an enlarged, fragmentary, sectional view 
of a shift rail operator assembly according to the 
present invention; 

Figure 4 is a flat pattern development of the ball 
ramp operator of a transfer case incorporating the 
present invention taken along line 4-4 of Figure 2; 
Figures is an enlarged, fragmentary, sectional view 
of a first alternate embodiment shift rail operator as- 
sembly according to the present invention; and 
Figure 6 is an enlarged, fragmentary, sectional view 
of a second alternate embodiment of a shift rail op- 
erator assembly according to the present invention. 

DESCRIPTION OF THE PREFERRED AND 
ALTERNATE EMBODIMENTS 

Referring now to Figure 1, a four-wheel vehicle 
drive train is diagrammaticaliy illustrated and designat- 
ed by the reference number 10. The four-wheel vehicle 
drive train 10 includes a prime mover 12 which is cou- 
pled to and directly drives a transmission 1 4. The output 
of the transmission 1 4 directly drives a transfer case as- 
sembly 16 which provides motive power to a primary or 
rear drive line 20 comprising a primary or rear propshaft 
22, a primary or rear differential 24, a pair of live primary 
or rear axles 26 and a respective pair of primary or rear 
tire and wheel assemblies 28. 

The transfer case assembly 1 6 also selectively pro- 
vides motive power to a secondary or front drive line 30 
comprising a secondary or front propshaft 32, a second- 
ary or front differential assembly 34, a pair of live sec- 
ondary or front axles 36 and a respective pair of sec- 
ondary or front tire and wheel assemblies 38. The front 
tire and wheel assemblies 38 may be directly coupled 
to a respective one of the front axles 36 or, if desired, a 
pair of manually or remotely activatable locking hubs 42 
may be operably disposed between the front axles 36 
and a respective one of the tire and wheel assemblies 
38 to selectively connect same. Finally, both the primary 
drive line 20 and the secondary drive line 30 may include 
suitable and appropriately disposed universal joints 44 



which function in conventional fashion to allow staticBnd 
dynamic offsets and misalignments between the various 
shafts and components. 

Mounted within the passenger cabin in a location 

5 proximate the driver of the motor vehicle is a control as- 
sembly 50 having a plurality of push buttons 52 which 
correspond to the various driver selectable operating 
positions of the transfer case assembly 1 6 such as high, 
neutral and low. Alternatively, the push buttons 52 may 

10 be replaced by a rotary switch or other analogous driver 
selectable input device. The control assembly 50 may 
include various electronic computation, logic and output 
devices as well as devices which receive signals and 
provide logic decisions based upon feedback or signals 

is provided by components of the transfer case assembly 
16. 

The foregoing and following description relates to a 
vehicle wherein the rear drive line 20 functions as the 
primary drive line, i.e., it is engaged and operates sub- 

20 stantially all the time and, correspondingly, the front 
drive line 30 functions as the secondary drive line, i.e., 
it is engaged and operates only part-time or in a sec- 
ondary or supplemental fashion, such a vehicle com- 
monly being referred to as a rear wheel drive vehicle. 

25 These designations "primary" and "secondary" are 
utilized herein rather than "front" and "rear" inasmuch 
as the invention herein disclosed and claimed may be 
readily utilized in transmissions and transfer cases 
wherein the primary drive line 20 is disposed at the front 

30 of the vehicle and the secondary drive line 30 is dis- 
posed at the rear of the vehicle, such designations pri- 
mary and secondary thus broadly and properly charac- 
terizing the function of the individual drive lines rather 
than their specific locations. 

35 Referring now to Figures 1 and 2, the transfer case 
assembly 16 incorporating the present invention in- 
cludes a multiple piece housing assembly 60 having a 
plurality of planar sealing surfaces, openings for shafts 
and bearings and various recesses, shoulders, counter- 

40 bores and the like to receive various components or as- 
semblies of the transfer case 16. An input shaft 62 in- 
cludes female or internal splines or gear teeth 64 or oth- 
er suitable coupling structures which drivingly couple 
the output of the transmission 14 illustrated in Figure 1 

45 to the input shaft 62. The input shaft 62 is rotatably sup- 
ported at one end by an anti-friction bearing such as the 
ball bearing assembly 66 and at its opposite end by an 
internal anti-friction bearing such as the roller bearing 
assembly 68. The roller bearing assembly 68 is dis- 

so posed upon a portion of a stepped output shaft 70. A 
suitable oil seal 72, positioned between the input shaft 
62 and the housing assembly 60, provides an appropri- 
ate fluid tight seal therebetween. The opposite end of 
the output shaft 72 is supported by an antifriction bear- 

55 ing such as the ball bearing assembly 74 and include a 
flange 76 which may be a portion of a universal joint 44 
or may be secured to associated drive line components 
such as the primary propshaft 22. A suitable oil seal 78, 
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disposed between the flange 76 and the housing as- 
sembly 60 provides an appropriate fluid tight seal ther- 
ebetween. 

Referring now to Figures 2 and 3", the transfer case 
assembly 1 6 includes a two-speed planetary gear drive s 
assembly 80 disposed about the input shaft 62. 

The planetary drive assembly 80 includes a sun 
gear 82 having a plurality of female or internal splines 
or gear teeth 84 which engage a complementary plural- 
ity of male splines or gear teeth 86 on the input shaft 62. 
The sun gear 82 is thus coupled to the input shaft 62 
and rotates therewith. The sun gear 82 includes external 
or male gear teeth 88 about its periphery. Radially 
aligned with the sun gear 82 and its teeth 84 is a ring 
gear 90 having inwardly directed gear teeth 92. The ring 
gear 90 is retained within the housing assembly 60 by 
a cooperating circumferential groove and snap ring as- 
sembly 94. A plurality of pinion gears 96 are rotatably 
received upon a like plurality of stub shafts 98 which are 
mounted within and secured to a planet carrier 1 00. The 
planet carrier 100 includes a plurality of female or inter- 
nal splines or gear teeth 102 disposed generally adja- 
cent the male splines or gear teeth 86 on the input shaft 
62. The planetary gear assembly 80 is more fully de- 
scribed in co-owned U. S. Patent No. 4,440,042 which 
is herein incorporated by reference. 

The planetary drive assembly 80 also include a dog 
clutch or clutch collar 104 defining female or internal 
splines or gear teeth 106 which are axially aligned with 
and, in all respects, complementary to the male splines 
or gear teeth 86 on the input shaft 62. The clutch collar 
104 and its internal splines or gear teeth 106 slidably 
received upon a complementary plurality of male or ex- 
ternal splines or gear teeth 108 on the stepped output 
shaft 70. The clutch collar 104 thus rotates with the out- 
put shaft 70 but may translate bi-directionally along it. 
The clutch collar 104 also includes male or external 
splines or gear teeth 110 on one end which are in all 
respects complementary to the female splines or gear 
teeth 102 on the planet carrier 100. 

Finally, the dog clutch or clutch collar 104 includes 
a pair of radially extending, spaced-apart flanges 114 
on its end opposite the splines or gear teeth 110 which 
define a circumferential channel 116. The channel 116 
receives a complementarily configured semi-circular 
throat or yoke 118 of a shift fork 120. The shift fork 120 
includes a through passageway defining female or in- 
ternal threads 122 which engage complementarily con- 
figured male or external threads 124 on a rotatable shift 
rail 126. The shift rail 126 is received within suitable jour- 
nal bearings or bushings 1 28 and is coupled to and driv- 
en by a rotary electric, pneumatic or hydraulic motor 
130. The rotary motor 130 is provided with energy 
through a line 132. 

The end of the shift fork 120 opposite the semi-cir- 
cular yoke 1 1 8 includes a cam 1 36 having a recess 1 38 
and a first, taller or longer lug or projection 140H and a 
second, shorter lug or projection 140L having a height 



greater than, or at least distinct from, the recess 1 38: A 
three position sensor 144 having a roller or ball actuator 
146 includes proximity or position sensors such as Hall 
effect sensors which provide outputs in a preferably mul- 
tiple conductor cable 148 defining a first signal indicating 
that the shift fork 120 and associated clutch collar 104 
is in the neutral position illustrated in Figures 2 and 3, 
that the shift fork 1 20 has moved to the left from the po- 
sition illustrated such that the actuator 1 46 engages and 
is translated by the taller lug or projection 1 40H and the 
sensor 144 provides a signal indicating that the clutch 
collar 104 is in a position which selects high gear or di- 
rect drive, effectively by passing the planetary gear as- 
sembly 80, or, conversely, that the shift fork 120 has 
moved to the right from the position illustrated in Figures 
2 and 3 such that the iug or projection 1 40L has engaged 
and translated the actuator 1 46 so that the sensor 1 44 
indicates that the shift fork 120 has translated to select 
the low speed output or speed range of the planetary 
drive assembly 80. Such translation is achieved by se- 
lective bi-directional operation of the drive motor 130 
which rotates the shift rail 126 and bi-directionally trans- 
lates the shift fork 1 20 along the male threads 1 24 of the 
shift rail 126. 

The transfer case assembly 16 also includes an 
electromagnetically actuated disc pack type clutch as- 
sembly 1 50. The clutch assembly 1 50 is disposed about 
the output shaft 70 and includes a circular drive member 
152 coupled to the output shaft 70 through a splined in- 
terconnection 154. The circular drive member 152 in- 
cludes a plurality of circumferentially spaced apart re- 
cesses 1 56 in the shape of an oblique section of a helical 
torus, as illustrated in Figure 4. Each of the recesses 
156 receives one of a like plurality of load transferring 
balls 158. 

A circular driven member 162 is disposed adjacent 
the circular drive member 152 and includes a like plu- 
rality of opposed recesses 1 66 defining the same shape 
as the recesses 156. The oblique side walls of the re- 
cesses 1 56 and 1 66 function as ramps or cams and co- 
operate with the balls 1 58 to drive the circular members 
152 and 162 apart in response to relative rotation ther- 
ebetween. It will be appreciated that the recesses 156 
and 158 and the load transferring balls 158 may be re- 
placed with other analogous mechanical elements 
which cause axial displacement of the circular members 
152 and 162 in response to relative rotation therebe- 
tween. For example, tapered rollers disposed in com- 
plementarily configured conical helices may be utilized. 

The circular driven member 162 extends radially 
outwardly and is secured to a soft iron rotor 170. The 
rotor 170 is disposed in opposed relationship with an 
armature 176. The rotor 170 is U-shaped and surrounds 
a housing 178 containing an electromagnetic coil 180. 
A single or two conductor cable 1 82 provides electrical 
energy to the electromagnetic coil 180, 

Providing electrical energy to the electromagnetic 
coil 180 through the cable 182 causes magnetic attrac- 
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tlon of the armature 1 76 to the rotor 170. This magnetic 
attraction results in fractional contact of the armature 1 76 
with the rotor 170. When the output shaft 70 is turning 
at a different speed than the armature 176 which turns 
at the same rotational speed as a secondary output 
shaft 184, this frictional contact results in a frictional 
torque being transferred from the output shaft 70, 
through the circular drive member 1 52, through the load 
transferring balls 1 58 and to the circular driven member 
162. The resulting frictional torque causes the balls 1 58 
to ride up the ramps of the recesses 156 and 166 and 
axially displaces the circular drive member 152. Axial 
displacement of the circular drive member 152 trans- 
lates an apply plate 1 86 axially toward a disc pack clutch 
assembly 1 90. A compression spring 1 92 provides a re- 
storing force which biases the circular drive member 1 52 
toward the circular driven member 162 and returns the 
load transferring balls 158 to center positions in the cir- 
cular recesses 156 and 166 to provide maximum clear- 
ance and minimum friction between the components of 
the electromagnetic clutch assembly 150 when it is de- 
activated. 

An important design consideration of the recesses 
156 and 166 and the balls 158 is that the geometry of 
their design, the design of the compression spring 192 
and the clearances in the clutch assembly 150 ensure 
that it is not self-engaging. The electromagnetic clutch 
assembly 150 must not self-engage but rather must be 
capable of modulated operation and torque transfer in 
direct response to a modulating input signal. 

The disc pack clutch assembly 190 includes a plu- 
rality of interleaved friction plates or discs 192A and 
192B. A first plurality of discs 192A are coupled by in- 
terengaging splines 1 94 to a clutch hub 1 96 which is, in 
turn, coupled to the output shaft 70for rotation therewith. 
A second plurality of discs 192B are coupled to an an- 
nular housing 198 by interengaging splines 202 for ro- 
tation therewith. 

The annular housing 198 is disposed for free rota- 
tion about the output shaft 70 and is rotationally coupled 
to a chain drive sprocket 204 by a plurality of interen- 
gaging lugs and recesses 206. The drive sprocket 204 
is also freely rotatably disposed on the output shaft 70. 
A drive chain 208 is received upon the teeth of the chain 
drive sprocket 204 and engages and transfers rotational 
energy to a driven chain sprocket 212. The driven 
sprocket 212 is coupled to the secondary output shaft 
184 of the transfer case 28 by interengaging splines 
214. 

The transfer case assembly 16 also includes a first 
Hall effect sensor 220 which is disposed in proximate, 
sensing relationship with a plurality of teeth 222 on a 
tone wheel 224. The tone wheel 224 is coupled to and 
rotates with the primary output shaft 70. A second Hall 
effect sensor 226 is disposed in proximate, sensing re- 
lationship with a plurality of teeth 228 of a tone wheel 
230 disposed on the driven chain sprocket 212. Prefer- 
ably, the number of teeth 222 on the tone wheel 224 is 



identical to the number of teeth 228 on the tone wheel 
230 of the driven sprocket 212 so that identical shaft 
speeds result in the same number of pulses per unit time 
from the Hal! effect sensors 220 and 226. This simplifies 

5 computations and improves the accuracy of all deci- 
sions based on such data. As to the actual number of 
teeth 222 on the tone wheel 224 and teeth 228 on the 
tone wheel 230, it may vary from thirty to forty teeth or 
more or fewer depending upon rotational speeds and 

io sensor construction. The use of thirty-five teeth on the 
tone wheels has provided good results with the Hall ef- 
fect sensors 220 and 226. 

Referring now to Figure 5, a first alternate embodi- 
ment of a single shift rail operator assembly according 

is to the present invention is illustrated and designated by 
the reference number 240. The first alternate embodi- 
ment shift rail operator assembly 240 includes an elec- 
tric, pneumatic or hydraulic drive motor 242 which is 
suitably secured to the housing assembly 60 of the 

20 transfer case assembly 16. The drive motor 242 in- 
cludes an output shaft 244 having female or internal 
splines or gear teeth 246 which mate with complemen- 
tarily configured male or external splines or gear teeth 
248 disposed on the end of a shift rail 250. The shift rail 

2$ 250 includes a region of male threads 252 which are 
received within a complementarily configured region of 
female threads 254 in the housing assembly 60. Alter- 
natively, the female threads 254 may reside in an exten- 
sion of the housing of the drive motor 242. Rotation of 

30 the shift rail 250 in a first direction axially translates it in 
a first direction and rotation of the shift rail 250 in the 
opposite direction axially translates it in the opposite di- 
rection. Preferably, the end of the shift rail 250 opposite 
the drive motor 242 is received and rotatably supported 

35 within a journal bearing or bushing 256 mounted in the 
housing assembly 60. 

A shift fork 260 includes a through, cylindrical aper- 
ture or journal bearing 262 which has an inside diameter 
just slightly larger than the outside diameter of the shift 

40 rail 250. The shift fork 260 is thus freely rotatably re- 
ceived upon the shift rail 250. The shift fork 260 is axially 
restrained on the shift rail 250 by a pair of snap rings 
264 received within complementarily configured circum- 
ferential grooves or channels 266 formed in the shift rail 

45 250. A pair of flat washers 268 are preferably disposed 
between the snap rings 264 and the body of the shift 
fork 260. The shift fork 260 includes a conventional yoke 
272 which receives the dog clutch or clutch collar 104 
which is fully described above in the foregoing section 

50 relating to the preferred embodiment. 

The shift fork 262 also includes a cam 274 having 
a centrally disposed recess 276 disposed between a 
first, longer lug or projection 278H and a second, shorter 
lug or projection 278L. A three position sensor 144 hav- 

55 ing a roller or ball actuator 1 46 includes proximity or po- 
sition sensors such as Hall effect sensors which provide 
outputs in a preferably multiple conductor cable 148 de- 
fining a first signal indicating that the shift fork 260 is in 
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the neutral position -illustrated in Figure 5, thatthe shift 
fork 260 has moved to the left from the position illustrat- 
ed such that the actuator 146 is translated by Ihe hjg or 
projection 278H and the sensor 144 provides a signal 
indicating that the clutch collar 1 04 is in a position which 
selects high gear from the planetary drive assembly 80 
or, conversely, that the shift fork 260 has moved to the 
right from the position illustrated in Figure 5 such that 
the lug or projection 278L has moved into contact with 
the actuator 146 and the sensor 144 indicates that the 
shift fork 260 has translated to a position corresponding 
to selection of the low output or speed range of the plan- 
etary drive assembly 80. It will be appreciated that other 
details of operation of the first alternate embodiment 
shift rail assembly 240 are essentially the same as those 
of the preferred embodiment shift rail assembly. 

Referring now to Figure 6, a second alternate em- 
bodiment of a shift rail operator assembly according to 
the present invention is illustrated and designated by the 
reference number 300. The second alternate embodi- 
ment shift rail operator assembly 300 includes a ball 
screw operator assembly 302 which is suitably secured 
to the housing assembly 60 of the transfer case assem- 
bly 16. The ball screw operator assembly 302 includes 
an electric, pneumatic or hydraulic drive motor 304 
which is provided with energy through a line 306. The 
drive motor 304 indues an output shaft 308 which drives 
a conventional ball screw operator assembly 310 which 
converts bi-directional rotary motion of the output shaft 
308 into bi-directional linear translation. The bi-direc- 
tional linear translation of the ball screw assembly 310 
is coupled to a telescoping tubular member 312 which 
translates bi-directionally into and out of the ball screw 
operator assembly 302. 

A shift rail 31 4 is secured to the telescoping member 
312 by any suitable means such as a pin or set screw 
316. The opposite end of the shift rail 314 is preferably 
received with in a bushing or journal bearing 318 which 
is, in turn, mounted within the housing assembly 60. A 
shift fork 320 defines a through bore 322 which receives 
the shift rail 31 4. The shift fork 320 is securely attached 
to the shift rail 314 by a set screw or pin 324. The shift 
fork 320 includes a conventional throat or yoke 326 
which seats within the channel 116 formed by the 
spaced apart-flanges 114 on the clutch collar 104. The 
shift fork 320 includes a cam 332 having a centrally dis- 
posed recess 334 interposed a first, longer or taller lug 
or projection 336H and a second, shorter or shallower 
lug or projection 336L. A three position sensor 144 hav- 
ing a roller or ball actuator 1 46 includes proximity or po- 
sition sensors such as Hall effect sensors which provide 
outputs in a preferably multiple conductor cable 1 48 de- 
fining a first signal indicating that the shift fork 320 is in 
the neutral position illustrated in Figure 6, that the shift 
fork 320 has moved to the left from the position illustrat- 
ed such that the actuator 146 is translated by the lug or 
projection 336H and the sensor 144 provides a signal 
indicating that the clutch collar 104 is in the position 



which selects high gear from the planetary drive assem- 
bly 80 or, conversely, that the shift fork 320 has moved 
to the right from the position illustrated in Figure 6 such 
that the lug or projection 336L has moved into contact 
s with the actuator 1 46 and the sensor 1 44 indicates that 
the shift fork 320 has translated to select low gear or the 
reduced speed range output of the planetary drive as- 
sembly 80. 

Three operational features of the preferred embod- 

10 iment and the first and second alternate embodiment 
shift rail assemblies 240 and 300 are significant. First of 
all, it will be appreciated that many prior art shift rail op- 
erator configurations include an energy absorbing 
spring or similar device which allows the shift operator 

15 to achieve a final position corresponding to a desired 
position of the clutch collar although the clutch collar 
may not have actually achieved such position due to 
clashing or interference of gear teeth. In such a design, 
the spring stores drive energy until gear synchronization 

20 has been achieved and the shift can be completed. A 
disadvantage of such designs is that certain shift rail po- 
sition sensors may provide an indication that the shift 
has been completed when, in fact, it has not. 

In the present system, the sensor 144 and its actu- 

25 ator 1 46 are located directly adjacent the actual shift fork 
120 in the preferred embodiment and directly adjacent 
the shift forks 260 and 320 in the first and second alter- 
nate embodiments, respectively. The cams 138, 274 
and 332 located directly on the shift forks 120, 260 and 

30 320, respectively, sense and provide information to the 
control assembly 50 of the precise, actual location of the 
shift fork and improve logic and control decisions by 
eliminating any disparity between the commanded po- 
sition of a shift fork and its actual position. 

35 A second feature relates primarily to sizing of the 
drive motor 130, 242 and 304. Due to the mechanical 
advantage provided by the assemblies which convert 
rotary motion to linear motion, the power output of and 
the power delivered to and consumed by the drive mo- 

40 tors 130, 242 and 304 may be relatively small. Thus, if 
a shift cannot be completed due to clashing of the gears, 
power may continue to be delivered to the drive motors 
1 30, 242 and 304 and the motor will simply stall and con- 
tinue to attempt to complete the commanded shift with- 

45 out causing any damage to itself or the associated com- 
ponents. With such a design, the control assembly 50 
may include a timer which will sense an uncompleted 
shift and, at the end of its timed interval, provide an in- 
dication that the shift is not possible, return to the pre- 

50 vious position and again attempt to complete the shift 
or provide or record a fault indication. 

Last of all, a feature that is most readily achieved 
when using an electric drive motor 1 30, 242 or 304 re- 
lates to precise positioning of the shift forks 120, 260 

55 and 320. It will be appreciated that once the sensor 1 40 
has determined that the shift forks 120, 260 and 320 
have achieved a desired position, circuitry in the control 
assembly 50 may terminate the supply of electricty to 
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the motors 130, 2*42 and 302 and, in fact, couple, i.e., 
short together, the power leads to the motors 130, 242 
and 302, together, thereby electricly braking the motor 
and quickly terminating its rotation. Thus, although the 
motors 1 30, 242 and 302 may rotate at a relatively high 
speed, electric braking may be utilized to accurately 
control and position the shift forks 1 20, 260, 320 and the 
clutch collar 104 and eliminate the need for mechanical 
brakes. 

It will be appreciated that although the shift rail op- 
erator assembly of the present invention has been de- 
scribed in conjunction with a motor vehicle transfer 
case, the shift rail, associated rotary to linear motion 
conversion assemblies and shift fork position sensor will 
find broad application in related drive line components 
such as transmissions or as axle disconnects in differ- 
entials and in other applications. 

The foregoing disclosure is the best mode devised 
by the inventor for practicing this invention. It is appar- 
ent, however, that apparatus incorporating modifica- 
tions and variations will be obvious to one skilled in the 
art of drive line component shift assemblies. Inasmuch 
as the foregoing disclosure presents the best mode con- 
templated by the inventor for carrying out the invention 
and is intended to enable any person skilled in the per- 
tinent art to practice this invention, it should not be con- 
strued to be limited thereby but should be construed to 
include such aforementioned obvious variations and be 
limited only by the spirit and scope of the following 
claims. 



Claims 

1 . A single rail shift operator assembly for a motor ve- 
hicle drive line component comprising, in combina- 
tion, 

a drive motor (130) having a rotary output 
(126), 

an assembly (122, 124) for converting said ro- 
tary output of said drive motor (130) into linear 
translation, 

a speed change assembly (80) having at least 
a first output (86) providing a first speed range 
and a second output (1 02) providing a second, 
distinct speed range, 

an axially translatable clutch collar (1 04) adapt- 
ed to engage said first speed range output (86) 
in a first position and said second, distinct 
speed range output (102) in a second position, 
and 

a shift fork (120) operably disposed between 
said converting assembly (122, 124) and said 
clutch collar (104). 

2. The single rail shift operator assembly of Claim 1 
further including a cam (136) disposed for motion 



with said shift fork (1 20) having at least two distinct 
regions (140H, 140L) and a position sensor (144) 
operably disposed adjacent said cam (1 36) for de- 
tecting said at least two cam (140H, 140L) regions 
5 and providing two distinct outputs corresponding to 
said at least two cam regions (140H, 140L). 

3. The shift operator assembly of Claim 1 wherein said 
cam (136) is integrally formed in said shift fork 

10 (120). 

4. The single rail shift operator assembly of Claim 1 
wherein said converting assembly includes a shift 
rail (126) having a threaded portion (124) and said 

15 shift fork (1 20) includes a complementarily thread- 
ed passageway (122) for receiving said threaded 
portion (124) of said shift rail (126). 

5. The single rail shift operator assembly of Claim 1 
20 wherein said converting assembly includes a 

splined output member (244) on said drive motor 
(242) and further including, a shift rail (250) having 
splines (248) complementary to and engaged by 
said splined output member (244), a through aper- 
25 ture (262) in said shift fork (260) for freely, rotatably 
receiving said shift rail (250) and axial stops (264) 
adjacent said shift fork (260) on said shift rail (250) 
for inhibiting relative axial motion between said shift 
fork (260) and said shift rail (250). 

30 

6. The single rail shift operator assembly of Claim 1 
wherein said converting assembly includes a non- 
rotating, bi-directionally translating shift rail (314) 
and said shift fork (320) is secured to said shift rail 

35 (314). 

7. The single rail shift operator assembly of Claim 6 
wherein said converting assembly includes a ball 
screw operator assembly (310). 

40 

8. The single rail shift operator assembly of Claim 1 
further including an input shaft (62) for driving said 
speed change assembly (80) and an output shaft 
(70) driven by said clutch collar (104). 

45 

9. The single rail shift operator assembly of Claim 1 
further including a driven adjustable control assem- 
bly (50) for selecting at least said first speed range 
or said second speed range. 

50 

1 0. A shift operator assembly for a motor vehicle trans- 
fer case comprising, in combination, 

a drive motor (1 30) having a bi-directional rota- 
55 ry output (126), 

an assembly (122, 124) for converting said bi- 
directional rotary output of said drive motor 
(130) into bi-directional linear translation, 
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a speed change assembly (80) having at least 
a first output (86)^providing a first speed range 
and a second output (1 02) providing a second, 
distinct speed range, 

a clutch collar ( 1 04) bi-directionally translatable s 
between a first position engaging said first out- 
put (86) and a second position engaging said 
second output (102), 

a shift fork (120) operably disposed between 
said converting assembly (122, 124) and said 10 
clutch collar (104), and 

a cam (136) disposed for motion with said shift 
fork (120), said cam (136) having at least two 
distinct regions (140H, 140L) and a position 
sensor (1 44) disposed adjacent said cam (1 36) 
for detecting said (at least two cam regions 
(140H, 140L). 
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FIG. 2 



EP 0 882 912 A2 




EP 0 882 912 A2 




EP0 882 912 A2 




